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Rapid detection of influenza viruses with specific subtype is vital to precede the 
research on infectious disease in biomedical institutes.  In this thesis, I 
propose a bio-sensing method to determine the subtype of the influenza virus 
employing localized surface plasmons excited in the optical diffraction limit on a 
flat metal surface.  This is a valuable challenge as a biomedical and a clinic 
application of optical engineering instrumentation.  In my proposal, localized 
surface plasmons is applied to measure the refractive index variation arisen 
from interactions between influenza viruses and its monoclonal antibodies 
immobilized on the metal surface.  This technique maintains the positive 
characteristics of the conventional prism-coupled surface plasmon sensor, while 
it reduces the sensing volume to ~ 6 al.  Since the diameter of influenza viruses 
is ~100 nm, the sensor with such ultra small sensing volume is suitable for 
increasing the sensitivity in the virus detection.   
In order to show efficacy of my proposal, determination of the subtype of 
influenza virus is demonstrated.  In this demonstration, the monoclonal 
antibodies of A/H1N1 are immobilized on the sensing surface .  The 
antigen-antibody reaction between influenza viruses of A/H1N1 and the 
antibodies is detected as increase of refractive index on the sensing surface .  
Specific detection against A/H1N1 is also confirmed by employing A/H3N2 as a 
control sample.  Since the response of the antigen-antibody interaction can be 
measured at real-time, the proposed method is able to accelerate research of 
infectious disease. 
Furthermore, applicability to diagnosis of virus subtype used in the real world is 
also evaluated, especially against a specimen prepared by the nasal swab .  In 
this evaluation, refractive index variation for A/H1N1 is a factor of 6 compared 
with the one for nasal swab specimen.  If nasal swab specimen contains 
influenza viruses, it can be detected by the proposed method.   
  I also suggest that the method has a potential to detect single virus that leads 
to detection of multiple subtypes of influenza virus in a sample with ultra small 

















用いた検証実験では，A/H1N1 と A/H3N2 のインフルエンザウイルスと A/H1N1 ウ
イルスのモノクローナル抗体を用いて，A/H1N1 のみが有意な屈折率変化を示すこ
とを示している。さらに，スワブによってヒトから採取される検体に対する適用性
について議論を行い，スワブ検体に混入している異物を起因とする屈折率変化はイ
ンフルエンザウイルスに比べ十分に小さい事を示している。 
 本論文において提案された手法は，基板表面に固定するモノクローナル抗体の種
類を増加されることにより，多種のサブタイプを一度に測定することができるが，
その際，1 種類のウイルスを判定するのに必要な面積が数マイクロメートル平方と
極めて微小であるため，極めて微量な検体でサブタイプ判定を行える可能性がある。 
以上の結果は，ウイルスのサブタイプ判定において新規性，発展性があり，かつ工
学的技術として価値ある内容である。よって，著者は博士（工学）の学位を授与さ
れる資格があるものと認められる。 
